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© This invention pertains to novel 3-substituted-aminomethyl-3-subsm 

aza-D-homo-S-alpha-androstane compounds useful as muscle relaxants, methods for preparinq such com- 
geneTa%olu7a eth0d ^ ^"s^ 9 ""^relaxation, wherein the novel compound^ i t^Z^t^Z 
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including optically active isomeric forms, and pharmaceutical^ acceptable acid addition salts thereof wherein- 

R IS selected from the group consisting of hydrogen, lower-alkyl, lower-alkyl carbonyl, and di(lowor-alkyl)- 
ammo carbonyl; x 7 ' 

R, is selected from the group consisting of: di(lower-alkyl)substituted amino; lower-cycloalkyl lower-alkyl 
74mJS Mn int Ut9 n UfiipeTi<iin ^ 1 -PyrroMnyh 1-hexamethyleneimino; 4-morpholinyl; 1-piperazinyl' 

I P P 3Zlny °' lr, ( ,owe| - alk y')substituted amino, l-(l-methylpiperidinyl); 1-<1-methyl P yrLidiny°); and V 
<4.4-d.methylp.perazinyl). each lower-alkyl group having from 1 to 6 carbon atoms- 
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R 2 is a 'lower-alky! group having from . to 4 carbon atoms; and X~ is a pharmaceutical acceptable anion. 
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This invention relates to novel 3-substituted-aminomethyl-3-substituted-oxy-17a-methyhl 7a-lower-alkyl- 
l7a-aza-D-homo-5-alpha-androstanequaternary compounds useful as skeletal muscle relaxants and phar- 
maceutical compositions and methods for preparing and employing such compounds. This new class of 
compounds possesses potent competitive neuromuscular blocking properties having a rapid onset and short 
5 period of activity. 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Patent Application Serial No. 07/591,340, filed October 
10 1, 1990. 

BACKGROUND OF THE INVENTION 

Many compounds such as the sedative-hypnotics and the minor and major tranquilizers produce 
is relaxation of the skeletal muscles, but these compounds also produce other pharmacological actions which 
limit their utility as muscle relaxants. Relatively few classes of agents selectively act on the central nervous 
system to produce muscle relaxation as a primary pharmacological activity. 

Succinyichoiine chloride, is a short acting skeletal muscle relaxant which is of the depolarizing type. 
Depolarizing skeletal muscle relaxants combine with cholinergic receptor sites on the motor end plate to 
20 produce depolarization which may be observed as fasciculations. Subsequent neuromuscular transmission 
is inhibited as long as an adequate concentration of succinyichoiine remains at the receptor site. 

More desirable skeletal muscle relaxants are tne competitive or nondepolarizing lypt> (cui tit i form) which 
are easier to control. Nondepolarizing skeletal muscle relaxants antagonize the neurotransmitter action of 
acetylcholine by competitively inhibiting its binding to. and subsequently activating, cholinergic receptor 
sites on the motor end plate. This antagonism is inhibited, and neuromuscular block reversed, by 
acetylcholinesterase inhibitors such as ne6stigmine, edrophonium, and pyridostigmine. Examples of non- 
depolarizing skeletal muscle relaxants are pancuronium bromide, atracurium besylate and vecuronium 
bromide. The activity of these nondepolarizing skeletal muscle relaxants is, however, of intermediate 
duration and depolarizing skeletal muscle relaxants must be used for activity of short duration. 
30 United States Patent No. 4,200,636, issued to Tuba et al., discloses certain 3-amino-17a-aza-D-homo-5- 
alpha-androstane quaternary compounds said to be useful as. nondepolarizing muscle relaxants having a 
short activity period. 

SUMMARY OF THE INVENTION 

35 • . 

This Invention pertains to novel 3-substituted-aminomethyl-3-3ub3tituted-oxy-17a-mcthyl-1 7a-lowor- 
alkyl-17a-aza-D-homo-5-alpha-androstane compounds useful as muscle relaxants, methods for preparing 
such compounds, and methods for administering muscle relaxation, which comprise the systemic admin- 
istration to mammals of such compounds, and pharmaceutical compositions containing such compounds, 

40 wherein the novel compounds are represented by the general Formula: 
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OR H 



55 including optically active isomeric forms, and pharmaceutical^ acceptable acid addition salts thereof, 
wherein: 

R ic ooloctod from the group consisting of hydrogen, lower-atkyl, lower-alkyl carbonyl. and rii(lower- 
alky!)amino carbonyl; 
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R, is selected from the group consisting of di(lower-a.ky.) substituted amino; lower-cy cloaiky. lower- 
a, k y. o^e -Xtsubstituted amino; ,-piperidiny.; 1-pyrro.idiny.; ^ e V PV " 

oine azinyl .-(Imethylpiperazinyl); tri (lower-alky l)substituted am.no; 1-(1-methylp,per,d.nyl). 1(1 methyipy 
SJand \ (4,4-dLemy-pipo^iny,). each .owor a.ky, group having from 1 to 6 carbon atoms, 
s R 2 is a lower-alkyl group having from 1 to 4 carbon atoms; and 

,b> reading the product o, a..p <»> with a" oxidizing reegen, to lorn, « <7a-lo»e,-alkox» oarbonyl 
inwpr-alkoxv-^^ 

"rSol, the product o, e,ep (d, with a hyddde reducing agon, to ,o™ , 3. su b s « 1 u,e*.mino m .,hy 1 . 
i7a-methvl-17a-aza-D-homo-5-alpha-androstan-3-ol compound; and . _ v . a 3 _ 

-*5ST?2 <*.r tbnn hydrogen, the .„ W eo, method addition* ine.ddea e step pdor ,o step (.1 » 
form a 3-substituted-oxy compound. 

DETAILED DESCRIPTION OF THE INVENTION 

ThP referred compounds of. the present Invention are useful lu facilitate snort mea.o« 
SoSZ^S* add * aheteta, muae,. tendon <^ = v «r J* ^-""—d, 

As set out above, the muscle relaxant compounds of the present .nvent.on are quaier y 
salts represented by the general Formula (1): 
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Group Ri in Formula (1) above can be a di(lower-alkyl)substituted amine, a tri(lower-alkyl)substituted 
amine, or a nitrogen-containing heterocyclic ring. When Ri contains a quaternary nitrogen, i.e. Ri is a tri- 
(lower-alkyl)substituted amine, l-(l-methylpiperidinyl) and the like, the compound will contain ,a second 
pharmaceutical^ acceptable anion which may be the samo as or different from that represented by X~ in 
formula 0). In a preferred embodiment, Ri is selected from the group consisting of: di(lower-alkyl)- 
substituted amino; lower-cycloalkyl lower-alkyl, lower-alkyl-substituted amino; 1-piperidinyl; 1-pyrrolidinyl; 1- 
hexamethyleneimino; 4-morpholinyl; 1-piperazinyl; 1-<4-methylpipera2inyl);tri(lower-alkyl)substituted amino. 
l-(l-methylpiperidinyl), l-(l-methylpyrrolidinyl), and 1-(4,4-dimethylpiperazinyl). The preferred di(lower- 
alkyi)substituted amine is 'diethyl amine. The preferred lower-cycloalkyl lower-alkyl," lower alkyl-substituted 
amine is N-<n-propyl). N-(cyclopropylmethyl)amine. In a more preferred embodiment, Ri is 1-pyrrolidinyl or 
1 -hexamethyleneimino. 

Group R2 in Formula (1) above is a straight-chain lower-alkyl group having from 1 to 4 carbon atoms, 
preferably methyl. Pharmaceutically acceptable anions represented by X~ in Formula (1) include, for 
example, inorganic anions such as the chloride, bromide, sulfate, phosphate and the like, and organic 
anions such as the acetate, oxalate, trifluoroacetate, succinate tartrate, benezene sulfonate (besyiate). 
methane sulfonate (mesylate), toluene sulfonate (tosylate), and the like. 

A particularly preferred pharmaceutically acceptable anion in accordance with the present invention is 
the benzene 3ulfonotc (bocylato). The besyiate is preferred, for example, because the .alkylating agent 
utilized to prepare it, i.e. methyl benzene sulfonate, has a low vapor pressure, is considerably easier to 
handle than, e.g. me,thyl bromide which is utilized to form the bromide and which is a corrosive gas. The 
besyiate also is advantageous, even over other preferred organic anions in terms of chemical, pharmaceuti- 
cal and solution stability. Finally, the besyiate is advantageous over the other salts in tnat it more highly 
crystalline. Enhanced crystallinity makes it easier to obtain a product of high purity. 

In addition to the pharmaceutically acceptable anion represented by X" in Formula (1), the compounds 
of tho prosont invention can form pharmaceutically acceptable acid salts where the group represented by 
Ri does not contain , a quaternary nitrogen, e.g. where Ri is, e.g. di(lower-alkyl)substituted amino, 1- 
pyrrolidinyl, 1 -hexamethyleneimino, and the like. Typically, the acid from the above-listed pharmaceutically 
acceptable anions is utilized to form the addition salts which are prepared by conventional procedures well 
known to those skilled in the art. 

As set out above, group -OR and group -CH 2 Ri may be in an alpha or beta configuration at the 3- 
position. In a preferred embodiment, group -CH2R1 is in the beta configuration. 

The term "tower-alkyl groups", as used herein, means branched- or unbranched-hydrocarbon groups 
containing from 1to 6, preferably, from 1 to 3 carbon atoms. This definition applies to the alkyl portion of 
lower-alkoxy groups as well. The term "lower-cycloalkyl groups", as used herein, means cyclic alkyl groups 
containing from 3 to 6, preferably, 3 carbon atoms. Wherein Ri in Formula (1) is a nitrogen-containing 
heterocyclic ring, such rings may contain from 5 to 7 ring members and may include a second heteroatom, 
such as nitrogen or oxygen. The term "halogen", as used herein, refers to all four halogens, i.e. chlorine; 
fluorine; bromine and iodine, preferably bromine and iodine. 

in a most preferred embodiment, the muscle relaxant compounds of the present invention are selected 
from the group consisting of: 3-beta-(i;-pyrrolidinylmethyl)-17a-methyl-17a-aza-D-homo-5-alpha-androstan- 
3-alpha-ol 17A-N-methylbenzenesulfonate; 3-beta-(1 '-hexamethyleneiminomethyl)-17a-methyl-17a-aza-D- 
homo-5-alpha-androstan-3-alpha-ol 1 7a-N-methylbenzenesulfonate; 3-beta-(1 '-hexamethyleneiminomethyl)- 
3-alpha-acetOxy-l /a-methyl-1 7a-aza-D-homo-5-alpha-andiuslane 1 7a-N-methylbenzenesulfonate; and phar- 
maceutically acceptable addition salts thereof. 

The compounds of the present invention can be prepared by various methods. Several convenient 
routes for the preparation of the inventive compounds begin with known starting materials. In one method 
set out in Scheme 1, the desired compounds having Formula (1) can be prepared by reacting a starting 
material amine of type (2) with an activated carbonate compound, such as a carbonate halide represented 
by the formula R'OCOHal or a. carbonate anhydride represented by the formula (R'OCOhO, wherein R' is 
lower-alkyl and Hal Is a halide or its reactive equivalent. The starting material amino (2) can bo a 3-beta-ol 
compound or a 3-alpha-p! compound, preferably the former. The amine (2), 1 7a-~aza-D-homo-5-alpha- 
androstan-3-beta-ol, can be prepared according to the procedure published by~B.M. Regan and F.N.Hayes, 
J. Am. Chem. Soc , 78, 639 (1956). R* is preferably selected from the group consisting of ethyl and tert- 
butyl, and more preferably is tert-butyl. Examples of halide reactive equivalents are toluene sulfonate, 
phenyl sulfonate, methyl sulfonate, and the like. Reaction of starting material (2) with ethyl chloroformate 
(CICOOCH2CH3), for example, yields amide intermediate (3), 17a-ethoxycarbonyi-l 7a-aza-D-homo-5-alpha- 
androstan-3-uela-ul . 

Amide intermediate (3) is then oxidized with an oxidizing reagent, such as Jones reagent or pyridinium 
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chlorochromate. to prepare ketone intermediate (4). lya-ethoxycarbonyMTa-aza-D-homo-S-a.pha-androstan- 

^Ketone intermediate (4) can then be converted into either a 3-alpha or 3-beta intermediate by reaction 
with f:Zn ■ fitment of Ketone intermediate <4, with Cim.tby.oxosu.fonium 

intermediate (5b) (3'R)-spiro[oxirane-2,3--17-a-ethoxy-carbonyl-17'a-aza-D-homo-5 -alpha 

°a ' o.ane tSte mSene group £ in the beta position. Treatment ^^ e 2^ 6 /^^eH^^^arS(>nyl-' 

hows the Preparation^, oxirane intermediate (5b) and the corresponding 3-beta-substautedjm^ 
der'atives Ox^rane intermediate (5a) and the ^responding 3-aipha-subst.tuted-am.nomethy. denvafves 
can bo prepared in substantially the same manner. 
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As set out in Scheme 1. the desired Ri substitueht group can be introduced into oxirane intermediate 
(5b) by reacting intermediate (5b) with an appropriately reactive, nitrogen-containing compound represented 
by" the Formula Ri-H, wherein has the definition set out above, to obtain amine amide intermediate (6b), 
3-beta-(dialkyl-suusliluled-aminomethyl)-17a-eth 
5 Amine amide intermediate (6b) is then reduced with a hydride reducing agent, such as lithium aluminum 
hydride, to provide amine intermediate (7b), 3-beta-dialkyl-substituted-aminomethyl-17a-methyl-17a-a2a-D- 
homo-5-alpha-androstan-3-alpha-ol. 

When the desired R group is hydrogen, amine intermediate (7b) can.be reacted with an appropriately 
reactive lower-alkyl halide (R 2 -Hal),wherein R 2 is defined as set out above and Hal represents a halide, to 
jo obtain compound (1b) of the present invention. 

When the desiTed R group is other than hydrogon as defined above, i.e. R is lower alkyl. lower-alkyl 
carbonyl or di(lower-alkyl) amino carbdnyl, amine intermediate (7b) can be reacted with a compound 
represented by the Formula R-Hal, wherein Hal is halogen, to introduce the desired R group at the 3- 
position and thereby obtain intermediate (8b), 3-beta-substituted-aminomethyl-3-alpha-R-oxy-17a-methyl- 
75 17a-aza-D-homo-5-alpha-androstane. Alternatively, amine intermediate (7b) can be reacted with a compound 
represented by the formula (R>2 0. In a preferred embodiment, amine intermediate (7b) is treated with acetyl 
chloride to form the acetate intermediate (8b), wherein R is CH3CO-, 3-beta-substituted-amin6methyl-3- 
alpHa-acetoxy-17a-methyl-l7a-azo-D-homo-5-alpha-andro- stane. 

The desired R 2 substituent group can then be introduced by reacting acetate intermediate (8b), R is 
20 CH3CCK with an appropriately reactive alkylating agent (R2-X) such as methyl benzene sulfonate.~wherein 
R 2 has the definition set out above, and wherein X is a pharmaceutical^ acceptable anion, to obtain 
compound (1b) of the present invention. 

Amine intermediate (7b) or acetate intermediate (8a) can be reacted with excess alkylating agent to 
quaternize the R1 group~and the nitrogen at the Malposition to form the diquaternary ammonium salt 
20 compound© of tho. present invention. Examples of quaterni7ed R1 Q rou PS are tri(lower-alkyl)substituted 
. amino, 1-(1-methyl-piperidinyl), 1-(l-methyl-pyrrolidinyl), and 1-(4,4-dimethylpiperaziriyl). 

In accordance with the present invention, 3-substituted-aminomethyl-3-substituted-oxy-17a^methyl-17a- 
lower-alkyl-17a-aza-D-homo-5-alpha-androst ane compounds represented by the Formula: 



30 




wherein Rt, R2 and.X" are as defined above, R is hydroyen, and the symbol represents an alpha or beta 

configuration, are prepared by a method comprising the steps: 
45 (a) reacting a 17a-aza-D-homo-5-alpha-androstan-3-ol compound with a compound represented by the 
formula R'OCOHal or (R'OCObO, wherein the R* group is lower-alkyl and Hal represents a halide or its 
reactive equivalent, to form a 17a-lower-alkoxy-carbonyl-17a-aza-D-homo-5-alpha-androstan-3-ol com- 
pound; 

(b) reacting the product of step (a) with an oxidizing reagent to form a 17a-lower-alkoxy-carbonyM7a- 
50 aza-D-homo-5-alpha-androstan-3-onw cumpound; 

(c) reacting the product of step (b) with a methylene ylide compound to form a (3>spiro[oxirane-2,3 f - 
1 7 , a-lower-alkoxy-carbonyM ^a-aza-D-homo-S'-alpha-androstane] compound; 

(d) reacting the product of step (c) with a nitrogen-containing amine compound represented by the 
Formula Ri-H to form a 3-substituted-amino-methyl-17a-lower-alkoxy-carbonyl-17a-aza-D-homo-5-alpha- 

55 androstan-3-ol compound; 

(e) reacting the product of step (d) with a hydride reducing agent to form a 3-substituted-aminomethyl- 
1 7a-methyl- 1 7a-aza-0-horno-5-alpha-androstan-3-6l compound; and 

(f) reacting the product of step (e) with an alkylating agent represented by the Formula R 2 -X to form a 3- 
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substituted-aminome^ 

S ^eT« in Formula (1) is other than hydrogen, ,e. R is .ower-a.Ky, ^'^^ZSZ- 
oound represented by the formula R-Hal, wherein Hal is halogen, to form a 3-subst.tuted f m,no ^ etny '^ 

Lndro 3 taneVompoun d! wncroin R is selected from the group consisting of .ower-a.ky. carbony. and * 

^Zl^ere^Us preferred that R' be a tert-buty, group in steps (a) through (c). 

As set out in Scheme 2. the desired compounds hiving Formula (1) can also be prepared 
start^a materia? of type (2 with an activated carbonate anhydride, such as d '-^- but y , n d ' carb0 " a ^ 
SSaSS? to Prepare amide intermediate (3"), iTa-tert-butoxycarbonyMZa-aza-D-homo-S-^ 
S2225Si«f Oxidation of amide intermediate W) to ketone intermediate (4> epox.dat.on of ketone 
fnto llo St oxirane intermediate (5b"), amine insertion in O^^^^mj?^^ 
amide intermediate (6b"), reduction of aminFamide intermediate <£> ' 0 J^ZZT^To^6 ouX 
20 conversion of aminelntermediate (7b) to the desired compound hav.ng Formula (1) are then 

SUb ^ (7b) or (8b) to form a mono-guaternary a.— * — 

solved : in which to c6nduct the reaction arTi nonorganic solvents such as ^Z^ ^^. 
ketone such as 4-methyl-2-pentanone and the like, an ether such as 1 • 4 ; d, °^ ne ' is 
a6 ^ahydotran. 1 ,2-dimethoxyetnane. and the like. N.N-riimethylformamide or aceto^itrHe. which to 

reacted with intermediate (7b) or (8b) to form a diquaternary ammonium salt ^u.table solvent mp whic 
conduct the reaction are organic solvents such as lower-alkanols. preferably methanol. The temperature 

the reaction mixture may be raised to increase the rate of ^S^T^SIS^ \ e by lntravenous In- 
ThP comDOunds of the present invention can be administered parenterany. i.e. oy «»« , . .„„ 
30 tramu^^^ Suitable pharmaceutic^ carriers ^^^^^ 

he subiect compounds .include, for example, isotonic water, stenle water for .nject™ 
combination with other soluhilizing agents such as ethanol. Propylene 

solubilizing agents known to those skilled in the art such as Emulphor™ Cremophor-EL . and the hke. A 
preferred carrier is an isotonic aqueous solution of the inventive compound. 
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SCHEME 3 
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45. 

The sterile solutions or suspensions containing the subject compounds may also include the following 
adjuvants: a sterile diluent, such as water for injection, saline solution, fixed oils, polyethylene glycol, 
glycerine, propylene glycol, or other synthetic solvent; antibacterial agents, such as benzyl alcohol or 

50 methyl paraben; antioxidants, such as ascorbic acid or 3odium motabisulfito; chelating agents, such as 
ethyl-enediaminetetraacetic acid (EDTA); buffers, such as acetates, citrates or phosphates; and agents for 
the adjustment of tonicity, such as sodium chloride or dextrose. The parenteral preparations may be 
enclosed in ampules, disposable syringes, or multiple dosage vials made of glass or plastic. 

The compounds of the present invention can be administered to mammals, e.g., animals or humans, in 

55 amounts effective to provide the desired muscle relaxant therapeutic effect. Since the activity of the 
compounds and the degree of the desired therapeutic effect vary, the dosage level of the compound 
employed will also vary. The actual do3ogc administered will also be determined by such generally 
recognized factors as the body weight of the patient and the individual hypersensitiveness of the particular 
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patient. Thus, the dosage unit for a particular patient (man) can be as low as about 0.00005 mg per kg of 
body weight, which the practitioner may titrate to the desired effect. It is advantageous to formulate the 
subject compositions in dosage unit forms for ease of administration and uniformity of dosage. 

' Typical parenteral compooitione will contain at least about 0.1%, by weight, of the invent.ve compound, 
however, this amount may vary to between about 0.1% and 50%, by weight, of the invent.ve compound 
The exact amount of the inventive compound present in such compositions is such that a su.table dosage 
unit level will be obtained. The compounds of the present invention are , P>^erably f mi "' s ^ ed 
venously and the initial dosage used will generally be in the range from about 0.2 mg to about 18 mg 
preferably from about 0.4 mg to about 0.6 mg per kg of patient body weight. This dosage is the typical 
dosage necessary for an intubation procedure, and is defined as the ED 90 dosage. After this .n.t,al dosage 
i3 administered, a smaller dosage is administered intravenously either by bolus or infusion o ma.n tain 
muscle relaxation during the surgical procedure: The volume .for the initial dosage administered intra- 
venously will typically be from about 3 ml to about 7 ml and this dosage volume will be .njected over a time 
period of from about 3 seconds to about 10 seconds. , hocea 

Throughout this application, various publications have been referenced, me disclosures in these 
publications are incorporated herein by reference in order to. more fully describe the state of the art. 

The present invention is further illustrated by the following examples which are presented for purposes 
of demonstrating, but not limiting, the preparation of the compounds and compositions of th.s .nvent.on. 



20 EXAMPLE 1 

This Example illustrates the preparation of the intermediate i /a-ethoxycarbonyM7a-aza-D-homo-5- 
alpha-androstan-3-beta-ol (3). _ 
Ethyl chloroformate (14.1g, 0.13mol) was slowly added at room temperature to a stirred solution of 17a- 
3S a2a .D-homo-5-a.pha- a ndrostan-3-b e ta-ol(P. 23.1 0 . 0.1mol) and triethylamine (15.2g. 0.1 5mol) .n chloroform 
(600ml) After the addition was complete, the mixture was stirred at room temperature for 17 hours J he 
reaction mixture was washed with water (2x100ml), aqueous hydrochloric acid (3x80ml. 3.7% hydrochloric 
acid) water (2x1 00ml), and dried over anhydrous sodium sulfate. The solvent was evaporated under 
• • vacuum and the residue was crystallized from ether (20ml) and petroleum ether (50m ) xo g.ve 27.6s I (78 
30 of the product i7a-ethoxycarbonyl-17a-aza-D-homo-5-alpha-androstan-3-beta-ol. (3). Melting point: 132-134 

C. 



35 



Anal, calcd. for C22H37NO3: 


C, 72.69; 


H, 10.26; 


N, 3.85. 


Found: 


C, 71 .86; 


H, 10.39; 


N, 3.89. 



40 
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EXAMPLE 2 

This - Example illustrates the preparation of the intermediate l7a-ethoxycarbonyl-17a-aza-D>homo-5- 

alpha-androstan-3-one (4). 

Jones reagenr(30mT) was slowly added at a temperature of 5° C.-10° C. to a stirred solution of 7a- 
ethoxycarDonyl-.7a-aza-D-homo-5-alpl.a-and,o S t a n-3-b e t a -^l from example 1 (3, 22g. 0.06mol) .n aeetono 
(800ml). The mixture was stirred at 10" C. for a period of 20 minutes, then warmed to 15 C. over another 
20 minute period. The reaction mixture was then poured into cold water (4 liters). The precipitate was 
filtered washed with water, and dried. The crude product was purified by column chromatography (sH.ca 
get methylene chloride:methanol. 100:2) to give 13.3g (61.5%) of the product l7a-ethoxycarbonyl-17a-aza- 
D-homo-5-alpha-androstan-3-one. (4). Melting point: 185-187° C. 



Anal, calcd. for CzzHasNCb: 


C, 73.09; 


H, 9.76; 


N. 3.87. 


Found: 


C, 72.88; 


H, 9,64; 


N, 4.00. 



55 EXAMPLE 3 



\Jones reagent was 
concentrated sulfuric 



prepared by dissolving 26.72g of chromium trioxide in 23ml of 
acid and diluting the mixture with water to a volume of 100ml. 
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This Example illustrates another preparation of the intermediate 1 7a : ethoxycarbonyM 7a-aza-D-homo-5- 
alpha-androstan-3-one (4). 

A solution of 17a-ethoxycarbonyl-l7a-a2a-D-homo-5-alpha-androstan-3-beta-ol from Example 1 (3, 36g, 
0.1 mol) in methylene chlorido (100ml) was added to a stirred suspension of pyridinium chloroch7omate 

5 (32g, 0.15moi) in methylene chloride (700ml). After being stirred for a period of 2 hours at room 
temperature, the mixture was diluted with ether (400ml). The supernatant liquid was decanted and the black 
gummy residue was washed with ether (3x200ml). The combined organic solutions were passed through a 
short pad of florisil (300g). The solvent was evaporated under vacuum to give 33. 7g of crude product. The 
crude product was purified by chromatography (silica gel; methylene chloride:methanol, 100:1) to. give 33.3g 

70 (83%) of the product 17a-ethoxycarbonyl-17a-a2a-D-homo-5-alpha-androstan-3-one, (4). . 

EXAMPLE 4 

This Example illustrates the preparation of the intermediate (3 , R)-spiro[oxirane-2,3 , -17 , a A ethoxycarbonyl- 

75 ^'a-aza-D-homo-S'-alpha-androstane], (5b). 

A mixture of sodium hydride (60%,"o79g, 0.022mol) and trimethylsulfoxonium iodide (4.8g/ 0.022mol) in 
dimethylsulfoxide (DMSO, 35ml) was stirred for 1 hour at 25° C. to 30° C. A solution of 1 7a-ethoxycarbonyl- 
17a j a:za-D-homo-5-alpha-androstan-3-one from Example P (4. 4g. 0.011 mol) in tetrahydrofuran (THF. 50ml) 
was added to the mixture and the resulting mixture was stirred, at room temperature for 17 . hours. The 

20 mixture was warmed to 50° C. for one hour, then cooled. The mixture was poured into ice water (200ml) and 
extracted with ethyl acetate (4x50ml). The organic layer was washed with water (3x50ml).and dried over 
anhydrous sodium sulfate.. The solvent was removed under vacuum and the residue was crystallized from 
petroleum ether (50ml) to give 3.5g (85%) of white solid product (S'RHpirofoxirane^.S'-^a- 
ethoxycarbonyl-^'a-aza-D-homo-S'-alpha-androstane], (5b). Melting point: 169-170° C. 

55 . • 



Anal, calcd. for C23H37NO3: . 


C, 


73.56; 


H, 9.93; 


N, 3.73. 


Found: 


c, 


73.10: 


H, 9.90; 


N, 3.83. 



30 

EXAMPLE 5 

This Example illustrates the preparation of the intermediate 3-beta-(r-hexamethyleneiminomethyl)-17a- 
ethoxycarbonyM7a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (6b). 

35 A mixture of (3 , R)-spiro[oxirane-2.3'-17'a-ethoxycarbonyl : nr7 , a-aza-D-homo-5'-alpha-androstane] from 
Example 4 (5b, 1.5g, 0.004mol), hexamethyleneiminu (15ml) and water (4ml) was heated to reflux for 70 
hours under nitrogen. The mixture was concentrated under vacuum and the residue was dissolved in 
methylene chloride (150ml). The methylene chloride solution was washed with water (3x40ml) and dried 
over anhydrous potassium carbonate. The solvent was. removed under vacuum and the residue was purified 

40 by chromatography (silica gel; ethyl acetate:methanol, 100:2) to give 1.5g (79%) of product 3-beta-(1'- 
hexamethyleneimino-methyl)-l 7a-ethoxycarbonyM 7a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (6b). Melt- 
ing point: 115-117° C. 



45 



Anal. Calcd. for C29HS0N2O3: 


C, 


73.73; 


H. 10.62; 


N, 5.88. 


Found: 


C, 


73.36; 


H, 10.62; 


N, 5.88. 



EXAMPLE 6 

su 

This Example illustrates the preparation of the intermediate 3-beta-(V-hexamethyleneiminomethyl)-1 7a- 
methyl-l7a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (7b). 

A solution of 3-beta-(1'-hexamethyleneimino-methy!)-17a-ethoxycarbonyl-17a-aza-D-homo-5-alpha- 
androstan-3-alpha-ol from Example 5 (6b, 1 .4g, 0.0029mol) in tetrahydrofuran (30ml) was added slowly to a 
55 stirred suspension of lithium aluminum~~hydride (0.25g) in tetrahydrofuran (30ml) in an ice bath. After the 
addition was complete, the mixture was heated to reflux for 2.5 hours. The mixture was then cooled in an 
ice bath, and water (0.25ml), aqueous sodium hydroxide solution (0.25ml, 15% sodium hydroxide), and 
water (0.75ml) were added sequentially with vigorous stirring. The lithium salts were removed by filtration 
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and the organic solution was dried over anhydrous potassium carbonate. The solve ,nt was removed I under 
vacuum and the residue was crystalled from hexane to give 1.2g (100%) of ' e ^ud ^ ; 
hexamethyleneiminomethyl)-l7a-methyl-1 7a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (7b). Melt.ng po.nt. 

125-128" C. . 



Anal, calcd. for C27H43N2O: 


C, 


77.83; 


H, 11.61; 


N, 6.72. 


Found: 


C, 


77.82; 


H, 11.79; 


N, 6 71 



10 



15 



20 



EXAM PLC 7 

This Example illustrates the preparation of the intermediate 3-beta-(V-hexamethyleneiminomethyl).3- 
»inha-acetoxv-17a-methyl-17a-aza-D-homo-5-alpha-androstane,(8b). 

P AcSiS was added to a so.ution of 3-beta-(l'-(^xamethyleneiminomethyi)-i 7a-methyi-i7a- 
aza-D-Zo 5-a.pha-androstan-3-alpha.ol from Examp.e 6 (7b. 0.8a. 0.0019mol) in methylene , chtonde 
*25m.) and the mixture was stirred at room temperature for 17 hours. The mature was cooled and made 
l.Lne with concentrated ammonium hydroxide. The organic tayar w«. washed w.th .water (2x30ml) and 
dried over anhydrous magnesium sulfate. The solvent was removed under vacuum and the res.due was 
p Sed by chromatography (a.umina; methylene ch.oride:ch.oroform, 1:1) to give 0.5g (56%) of the product 
3-beta-(r-hexamethyleneiminomethyl)-3-alpha-acetox y -17a-methyl-l7a-aza-D-homo-5-alpha-androstane. 

(8b). Melting point: 133*136° C. 



Anal, calcd. for C29H50N2O2: 


C, 75.93; 


H, 10.99; 


N, 6.11. 


Found: 


C, 7b.6b; 


H, 1 1.18; 


IM, 6.05. 



30 



35 



40 



EXAMPLE 8 

This Example illustrates the preparation of a 3-beta-substituted 
invention, 3-beta-<1 '-hevamRthyleneiminom^^^ 

drostane 1 7a-N-methoiodide, ^„i\ o a mh fl 

lodomethane (0.8g) was added to a stirred solution of 3-beta-<1 '-hexamethylene^ 
acetoxy.17a.meth l^a-aza-D-homo-S-alpha^androstane from Examp.e 7 (8b 0.5g) in J^^^JJ 
at room temperature and stirred for 3 days. The precipitate was colled and dried to 
the product 3-beta.{V-hexamethyleneiminometh y l)-3-alpha-acetox y .17a.methyl-17a.aza-D-homo<5-alpha an 

drostane 17a- N-methoiodide, (lb). Melting point: 239-241° C. 



Anal, calcd. for C30H53N2O2I: 
Found: 



C, 59.99; 


H, 8.89; 


N, 4.66. 


C, 59.76; 


H t 8.89; 


N, 4.58. 



45 EXAMPLE 9 

This Example i.lustrates the preparation of the compound of Example 8 in the form of the besylate , salt 
Methy. benzenesulfonate (4.5 g. 0.026 mol) was added to a stirred solut.on of J;^ ^ 
amethyleneiminomethyl)-3-alpha-acetoxy-17a-methyl-17a-aza-D-homo-5-alpha-androstane (2.2 ! g. O0048 

50 moD in d.ethylether (60 ml) at room temperature and stirred for six days. Tho proc.p.tate was 

washed with diethyl ether. The crude product was dissolved in CH 2 CI 2 (10 ml) and filtered mto d.ethyl ether 
(1 00 m I) The precipitate was collected and dried to give 2.6 g (86%) of 3-beta-(1 '-hexamethy.ene- 
iminomethyl)-3-alpha-acetoxy-17a-methyl-17a-aza-D-homo-5-al P ha androstane l7a-N-methylbenzene sul- 
fonate, melting point: 219-221 * C. 

55 
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Anal, calcd. for CasHssN^OsS: 


C. 68.53; 


H, 9.27; 


N, 4 44. 


Found: 


C, 68.42; • 


H, 9.22; 


N, 4.52. 



5 

EXAMPLE 10 

This Example illustrates the preparation of a 3-beta substituted aminomethyl compound of the. present 
invention, 3-beta-(1'-pyrrolidinyl methyl)-1 7a-methyl-1 7a-aza-D-homo-5-a1pha-androstan-3-alpha-ol 1 7a-N- 
io methoiodide, (1b). 

lodomethane (4.9g, 0.035mol) was added to a stirred oolution of 3-b©ta-<1 '-pyrrolidinylmethyO-l 7a- 
methyt-17a-a2a-D-homo-5-alpha-androstan-3-alpha-ol (7b, 4.5g, 0.011 6mol), prepared in the same manner 
as the intermediate from Example 6, in diethyl ether "(450ml) at room temperature. The resulting solution 
was stirred at room temperature for four days. The precipitate was collected and dried to give 4.6g of crude 
75 product which was purified, by chromatography (alumina; methylene chloride:methanol, 100:1) to give 3.5g 
(58%) of the product 3-beta-(l'-pyrrolidinylmethyl)-17a-methyl-l7a-a2a-D-homo-5ralpha-androstan-3-alpha-or 
17a-N-methoiodide, (Vb). Melting point: 238-241° C. 



Anal, calcd. for C26H47N2OI: 


C, 


58.86; 


H, 8.93; 


N, 5.28. 


Found: 


C, 


58.83; 


H. 8.87, 


N, 5.01. 



EXAMPLE 1 1 

25 t 

This Example illustrates the preparation of the intermediate (3'S)-spiro[oxirane-2,3M7'a-ethoxycarbonyl- 
1 7 , a-aza-D-homo-5'-alpha-androstane], (5a). 

A mixture of dry dimethyl sulfoxide~(DMSO, 100ml) and sodium hydride (60%, 6.4g, 0.16mol) was 
stirred at 60° C. for one hour under nitrogen. The mixture was cooled and tetrahydrofuran (THF, 250ml) was 

30 added. A solution of trirhethylsulfonium iodide (32.4g, 0.16mol) in dimethyl sulfoxide (200ml) was added 
rapidly with stirring at -5° C. to 0° C. followed by a solution of 17a-ethoxycarbonyl-17a-aza-D-homo-5-alpha- 
andro3tan 3-ono from Example 3 (4, 16g, 0.0044mol) in tetrahydrofuran (200ml). After being Stirred at -5° C. 
for 2.5. hours, the mixture was warmed to room temperature and stirred overnight. The mixture was poured 
into ice water (11) and extracted with methylene chloride (4x100ml). The combined methylene chloride 

35 solutions were washed with water (3x200ml), then dried over anhydrous sodium sulfate. The solvent was 
removed under vacuum to give 21g of crude product. I he crude product was recrystallized from methylene 
chloride (50ml) and petroleum ether (150ml) to give 6.8g (40%) of the product, (3'S)-spirotoxirane-2,3'-17*a- 
ethoxycarbonyl-ira-aza-D-homo-S'-alpha-androstane], (5a). Melting point: 166-170° C. 



40 



Anal, calcd. for C 2 3H 37 N03: 


c, 


73.56; 


H, 9.93; 


N. 3.73. 


Found: 


C 


73.59; . 


H, 9.69; 


N, 3.66. 



45 EXAMPLE 12 

This Example illustrates the preparation of the intermediate 3-alpha-(r-pyrrolidinylmethyl)-17a- 
ethoxycarbony 1-1 7a-aza-D-homo-5-alpha-androstan-3-beta-ol . (6a). 

A mixture of (S'Shspirofoxirane^.S^ira-ethoxy-carbonyl-ira-aza-D-homo-S^alpha-androstane] from 

50 Example 10, (5a, bg. 0.0213mol), pyrrolidine (90ml) and water (23ml) was heated to reflux for 70 hours 
under nitrogerPgas. The mixture was concentrated under vacuum and the residue was dissolved in 
methylene chloride (150ml). The methylene chloride solution was washed with water (3.40ml) and dried over 
anhydrous potassium carbonate. The solvent was removed under vacuum and the residue was purified by 
chromatography (silica gel; ethyl acetate: methanol, 100:2) to give 8.5g (89%) of product 3-alpha-(V- 

55 pyrrolidinyl-methyl)-17a-ethoxycarbonyl-17a-aza-D-homo-5-alpha-androstan-3-beta-ol, (6a). Melting point: 
107-109° C. 
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Anal, caicd. for C27H4SN2O3: 


C. 


72.60; 


H, 10.38; 


N, 6.27. 


Found: 


e, 


72.58; 


H, 10.50; 


N, 6.33. 



EXAMPLE 13 

This Example illustrates the preparation of the intermediate 3-alpha-(r-pyrrolidinylmethyl)-l /a-metnyl- 
1 7a-aza-D-homo-5-alpha-androstan-3-beta-ol, (7a). 

A solution of S-alpha^V-pyrrolidinylmethylJ-^a-ethoxycarbonyl-^a-aza-D-homo-S-alpha-androstan-S- 
beta-ol from Example 12 (6a, 1.2 9, 0.0027mol) in tetrahydrofuran (30ml) was added slowly to a Stirred 
mixture of lithium aluminurrThydride (0.45g, 0.01 imol) in tetrahydrofuran with cooling. After addition was 
complete, the mixture was heated to reflux for 2.5 hours. The mixture was then cooled in an ice bath, and 
water (0.45ml), 15% sodium hydroxide (0.45ml), and water (1.35ml) were added sequentially with vigorous 
stirring. Lithium salts were filtered off and the organic solution was dried over anhydrous potassium 
carbonate. The solvent was removed under vacuum and the residue was crystallized form petroleum ether 
to give 1.0g (100%) of the product, 3-alpha-(1 '.pyrrolidinylmethyl)-l7a-methyl-17a-aza-D-homo-5-alpha- 
androstan-3-beta-ol, (7a). Melting point- 94-96° O . 



Anal, calcd. for C 2 5Ha4N 2 0 0.25H2O: 


C 


76.38; 


H, 11.41; 


N, 7.13. 


Found- 


C. 


76.56: 


H, 11.30; 


N. 6.88. 



FXAMPI F 14 

This Example illustrates the preparation of a 3-alpha substituted aminomethyl compound of the present 
invention, 3-alpha-(1 '-pyrrolidinylmethyl)-1 7a-methyl- 1 7a-aza-D-homo-5-alpha-androstan-3-beta-ol 1 7a-N- 
methoiodide, (la). t 

lodomethane (1g, 0,007mol) was added to a stirred solution of 3-alpha-(l'-pyrrohdmylmethyl)-17a- 
methyl- l7a-aza-D-homo-5-alpha-androstan-3-beta^ot from Example 12. (7a, 0.8g, 0.002mol) in diethyl ether 
(40ml) at room temperature. The resulting solution was stirred at room temperature for three days. The 
precipitate was collected and dried to give 0.8g of the crude product. The crude product was purified by 
chromatography (alumina; methylene chloride: methanol, 100:1) to yield 0.65g (60%) of the product 3-alpha- 
(1*-pyrrolidinylmethyl)-17a-methyl-17a-aza-D-homo-5-alpha-androstan-3-beta-ol 17a-N-methoidide, (la). 
Melting point: 223-226° C. 



Anal, calcd. for C26H47N3OI: 


C, 58,86; 


H. 8.93; 


N, 5.28. 


FuunU: 


C, 08 G4; 


H, 9.22; 


N, 5.18. 



EXAMPLE 15 ' ' 

This Example illustrates the preparation of a 3-beta substituted aminomethyl methobromide compound 
of the present invention, 3-beta-(r-hexamethyleneiminomethyl)-3-alpha-acetoxy-17a-methyl-17a-aza-D- 
homo-5-al pha-androstane 17a-N-methobromide, (lb). 

A solution of bromomethane in ether (2M, 45ml) was added to a stirred solution of 3-beta-(V- 
hexamethyleneiminomethyl)-3-alpha-acetoxy-17a-methyl-17a-aza-D-homo-5-alpha-androstane (8b, l.lg, 
0.0024mol), prepared in the same manner as the intermediate from Example 7, in diethyl ether (20ml) at 
room temperature and stirred for four days. The precipitate was collected and dried to give 1.2g (92%) of 
the product. 3-beta-(l '-hexamethy leneiminomethyl)-3-alpha-acetoxy-1 7a-methy I- 1 7a-aza-D-homo-5-alpha-an- 
drostane 17a-N-methobromide. (lb). Melting point: 223-227° C. 



Anal, calcd. for C3oH 5 3N 2 02Br: 


C. 


65.08; 


H, 9.65; 


N, 5.06: 


Found: 


C, 


64.78; 


H, 9.73; 


N, 4.87. 
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EXAMPLE 16 

This Example illustrates the preparation of a 3-beta substituted aminomethyl methobromide compound 
of the present invontion, S-bota-O'-hexamethyleneiminomethyl)-! 7a-m©thyl-1 7a-aza-D-homo-5-alpha- 
5 androstan-3-alp. ha-ol 17a-N-methqbromide, (lb). 

A solution of bromomethane in ether "(2M, 70ml) was added to a stirred solution of 3-beta-(1'- 
hexamethyleneiminomethyl)-1 7a-methyM7a-aza-D-homo-5-alpha-androstan-3-alpha-ol (7b, 1 .6g, 

0.0038mol), prepared in the same manner as the intermediate from Example 6, in diethyl etFier (80ml) at 
room temperature and stirred for four days. The precipitate was collected and purified by chromatography 
10 (alumina, methylene chloride: methanol, 100:2) to give 1.4g (71%) of the product, 3-beta-(l'-hex- 
amothy1onQimiriomethyl)-17a-m©th^ 17a-N-methobromide. 
(lb). Melting point: 252-255° C. 



75 



Anal, calcd. for C 20 H s , N 2 OBr: 


C, 65.73, 


H. 10 05: 


H. 5 48. 


Found: 


C, 65.89; 


H. 10.32; 


N, 5.36. 



EXAMPLE 17 

20 

» 

This Example illustrates the preparation of another 3-beta substituted aminomethyl methyl iodide 
compound of . the present invention, 3-beta-(l '-piperidinylmethyl)-i /a-methyi-i 7a-aza-D-nomo-5-aipna- 
androstan-3-alpha-ol 17a-N-methoiodide. (1b). 

lodomethane (0.5g) was added to a stirred solution of 3-beta-(r-piperidinylmethyl)-17a-methyM7a-aza- 
25 D-homo-5-alpha-androstan-3-alpha-ol (7b. 0.3g). prepared in the same manner as the intermediate from 
Example 6, in diethyl ether (50ml) at room temperature and stirred for 2 days. The precipitate was collected 
and dried to give 0.25g (62%) of the product 3-beta-(V-pipendinylmethyl)-17a-methyl-17a-aza-D-homo-5- 
alpha-androstan-3-alpha-ol 17a-N-methoiodide. (lb). Melting point: 255-258° C. 



30 



Anal, calcd: for C 2 7H*9N 2 OI: 


C. 


59.55; 


H, 


9.07; 


N, 5.14. 


Found: 


C, 


59.43; 


H, 


9.02; 


N, 4.98. 



35 EXAMPLE 18 

This Example illustrates the preparation of a 3-beta substituted aminomethyl diquaternary ammonium 
salt compound of the present invention, 3-beta-t1 , -(4 , ,4 , ,-dimethylpiperazinyl)methyl]-1 7a-d i methyl- 17a-aza- 
D-homo-5-alpha-androstan-3-alpha-ol diiodide, (1b). 

40 lodomethane (0.4g) was added to. a stirrid solution of 3-beta-[r-(4'-methylpiperazinyl)methyl]-17a- 
methyl-17a-aza-D-homo-5-alpha-androstan-3-alp ha-ol (7b, 0.2g), prepared in the same manner as the 
intermediate from Example 6, in methanol (20ml) at~7oom temperature and stirred for 2 days. The 
precipitate was collected and dried to give 0.1 Og (48%) of the product, 3-beta-[1 , -(4\4\-dimethyl- 
piperazinyl)methyl]-17a-dimethyl-17a-aza-D-homo-5-alpha-androstan-3-alpha-ol diiodide, (1b). Melting point: 

45 289-291° C. — 



Anal, calcd. for C28H53N3OI2: 


c, 


47.94; 


H, 7.62; 


N, 5.99. 


Found: 


C, 


47.85; 


H, 7.44; 


N, 5.75. 



EXAMPLE 19 

This Example illustrates the preparation of a 3-beta substituted aminomethyl diquaternary ammonium 
55 salt compound of the present invention, 3-beta-[1 , -(r-methylpyrrolidinyl)methyl]-17a-dimethyl-17a-aza-D- 
homo-5-alp ha-androstan-3-alpha-o! diiodide, (1b). 

lodomethane (1g) was oddod to a etirrod solution of 3-b©ta-(1 '-pyrrolidinylmethylH 7a-methyM7a-a2a- 
D-homo-5-alpha-androstan-3-alpha-ol (7b, 0.3g). prepared in the same manner as the intermediate from 
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Anal, calcd. for C27H50N2OI2: 
Found: 



C, 48.22; 


' H, 7.49; 


N, 4.17. 


C, 48.00; 


H.7.51; 


N 4.12, 



;o EXAMPLE 20 

Examp.es 20-24 U.ustrate the preparation o, 3-beta ' ^~^Se?r ^a^ 
invention employing a 17a-tert-butoxy-carbonyl group. ™' 8 J?^.^J<3->. 
intermediate 1™2*W«^^ was siow.y added at 

A solution of di-tert-butyl d.carbonate (3.3g. 0.0 1 5mol> in ^^X^ _ 2 2 g 0 .01mol) and 

go C to a stirred-uspension of ^^ 0 ^ 5 f^ r "S^^^Ss cJ^leto. *e mixture was 
.iethy.amine <3g. 0.03mo.) in ™*V'°^ washed.with water 

r^mVl-y^ 

homoValpha-androstan-3-beta-ol (3> Melting po.nt: 165-167" C. 



75 



20 



I Anal, calcd. for C24H41 NO3: 
Found: 


C, 73.61 ; 
C, 73.91; 


H, 10.55; 
H, 10.70; 


N, 3.58. 
N, 3.69- 



30 



35 



40 



EXAMPLE 21 

This Example illustrates the preparation of the intermediate i 7 a-tert-butoxycarbony,17a-a 2 a-D-homo-5- 

alpha-androstan-3-one (4'). . , 0 o«rirn<itan-3-beta-ol from Example 20 (3*, 

A so.ut.on of "a-tert-b^^ me chanica..y stirred 

29.3g. 0.075mo.) in methylene ch.onde ( 00m.) was ^^J^ chiori6e (50 0m.). After the 

suspension of pyridinium chlorochromate (24.3g 0/ 11 3mol n me y supernatan , liquid 

suspension was stirred two hours at room temperat ether 300m.) combjned ic 

was decanted and the black gummy residue ^ removed under vacuum and 

solutions were passed through a short pad of flonsrt <300g >■ Qf tne product , 17a .tert- 



45 



50 



55 



Anal, calcd. for C^HsaNOa: 
Found: 


C, 73.99; 
C, 73.76; 


H, 10.09; 
H, 10.28; 


N, 3.60. 
N, 3.42.J 



EXAMPLE 22 

This Example i.lustrates the preparation of the intermediate (3-R ) -s P iro[oxirane-2.3--ira-tert- 
butoxycarbonyMra-aza-D-homu-S^ jo(jjde 7 0062mol) in 

A mixture of sodium hydr.de (60% ^.Bg .00»^) ™ ^^30° C. A solution of 1 7a-tert-butoxy- 
dimethyl sulfoxide (130ml) was st.rred for one hour at 25 u » . 0032mol) in tetrihydrofuran 

carbonyl-17a-a 2 a-D-homo-5-alpha-androstan-3-one ^om Example h J s _ The mixture was 

. (isom.) was added and the resulting mixture was ^^J^HS-S int0 ice water (500m.) and 
warmed to 50° C. for one hour and then coo.e d. Jne m.xture was the p ^ ^ 

extracted with methylene chloride (3x100m.) The combined W^"° r 2^ d under vacuum and the 
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product, (S'RhspiroIoxirane^.a'^T'aHert-butoxycarbonyl-iy'a-aza-D-homo-S'-alpha-anclrostane]. (St/). Melt- 
ing point: 124-126° C. 



Anal, calcd. for C2sl-UiN0 3 : 


C, 


74.40; 


H, 10.24; 


N, 3.47. 


Found: 


C, 


74.15: 


H, 10.05; 


N, 3.36. 



EXAMPLE 23 

w 

This Example illustrates the preparation of tho intermediate 3-beta-( 1 '-pyrroltdinyl)- 1 7a-t(=>rt- 
butoxycarbonyl-17a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (6b'). 

A mixture of (S'RJ-spirotoxirane^-S'-^a-tert-butoxycarbonyl-^'a-aza-D-homo-S'-alpha-andrbstane] from 
Example 22 (5\ 3g, 0.0074mol), pyrrolidine (26ml) and water (6ml) was heated to reflux for 70 hours under 
is nitrogen. The "mixture was concentrated under vacuum and the residue was dissolved in methylene chloride 
(100ml), The methylene chloride solution was washed with water (3x30ml) and dried over anhydrous 
potassium carbonate. The solvent was removed under vacuum and the residue was purified by chromatog- 
raphy (silica gel; ethyl acetatc:mothanol. 100:2) to give 2.7g (78%) of the product. 3-hftta-(1'-pyrrolidinyl)- 
17a-tert-butoxycarbonyl-17a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (6fr). Melting point: 162-164° C. 

20 



Anal, calcd. for C23H 50 N 2 Oo: 


C, 73.37; 


H. 10 6?; 


N. 5.90. 


Found: 


C, 73.31; 


H. 10.56; 


N, 5.79. 



25 

■ EXAMPLE 24 

This Example illustrates the preparation of the intermediate 3-beta-(r-pyrrolidinylmethyl)-17a"methyl- 
17a-aza-D-homo-5-alpha-androstan-3-alpha-ol, (7b). 

30 A solution of lithium aluminum hydride in ethylene glycol dimethyl ether (0.5M, 25ml) was added, slowly 
to a stirred solution of 3-beta-(1'-pyrrolidinylmethyl)-17a-tert-butoxycarbonyl-1 7a-aza-D-homo-5-alpha- 
androstan-3-alpha-ol from Example 23 (6b* . P fig. 0.0055mol) irTethylene glycol dimethyl ether (40ml). After 
addition was complete, the mixture waslieated to reflux for five hours. The mixture was then cooled in an 
ice bath and water (0.5ml), 15% sodium hydroxide (0.5ml) and water (1.5ml) were added sequentially with 

35 vigorous stirring. The lithium salts were removed by filtration and the organic solution was dried oyer 
anhydrous potassium carbonate. The solvent was removed under vacuum and the residue was purified by 
chromatography (alumina; methylene chloride:methanol, 100:0.5) to give 1.4g (68%) of the product, 3-beta- 
(r-pyrrolidinylmethyl)-17a-methyl-17a-a2a-D-homo-5-alpha-androstan-3-alpha-ol, (7b). Melting point: 163- 
165° C. 

40 



Anal, calcd. for C25H44N2O: 


C, 


77.26; 


H, 11.41; 


, N. 7.21 . 


Found: 


C. 


77.38; 


H, 11.18; 


N, 7-18. 



45 . . 

EXAMPLES 25-36 

Further examples of 3-beta substituted aminomethyl-3-substituted-oxy-17a-methyl-17a-lower-alkyl-17a- 
aza-D-homo-5-alpha-androstane compounds within the scope of the present invention which were prepared 
50 by procedures analogous to those described above include: 

3-beta-(r-morpholinylmethyl)-17a-methyl-17a-aza-D-homo-5-alpha-androstan-3-alpha-ol 17a-N- 
methoiodide. 

3-beta-(1'-piperidinylmethyl)-3-alpha-acetoxy-17a-methyl-17a-aza-D-17a-N-methoiodide. 

S-beta-tr-morpholinylmethyO-S-alpha-acetoxy-^a-methyl-^a-aza-D-homo-S-alpha-androstane 17a-N- 
55 methoiodide. 

3-beta-(r-piperidinylmethyl)-17a-methyl-17a-aza-D-homo-5-alpha-androstan-3-alpha-ol 17a-N- 
metholodlde. 

3-beta-(1'-hexamethyleneiminomethyl)-17a-methyl-17a-aza-D-homo-5-alpha-androstan-3-alpha-ol 17a-N- 
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methoiodide. 

3-beta-(1 '-pyrrolidinylmethyl)-3-alpha-acetoxy-1 7a-methyl-1 7a-aza-D-homo-5-alpha-androstane 1 7a-N- 
methoiodide. 

3-beta-(1 ' pyrrolidinylmothyl)-17a-mGthyl-t7a-a2a-D-homo-5-alpha-androstan-3-alpha-ol 17a-N- 
s methoiodide. , 

3-beta-(1 '-hexamethyleneiminomethyi)-3-alpha-acetoxy-1 7a-methyl-1 7a-aza-D-homo-5-alpha-androstane 
1 7a-N-methoiodide. 

3-beta-diethylaminomethyM 7a-methyl-1 7a-aza-D-homo-5-alpha-androstan-3-atpha-ol 1 7a-N- 

metho iodide. 

w 3-beta<liethylaminomethyl-3-alpha-acetoxy-1 7a-methyM 7a-aza-D-homo-5-alpha-androstane 1 7a- N- 
mothoiodido. ' 

3-beta-N-(n-propyl)-N-(cyclopropylmethyl)-aminomethyl-3-a!pha-acetoxy-17a-methyl-17a-aza-D- 
alpha-androstane 17a-N-methiodide. 

3-beta-N-(n-propyl)-N-(cyclopropylmethyl)-aminometn^^ 
75 3-alpha-ol 17a : N-methiodide. 

EXAMPLES 37-43 , 

Examples of diquaternary ammonium salt 3-beta substituted aminomethyl-3-substituted-oxy-17a-methyl- 
20 17aHower-a1kyM7a-aza-D-homo-5-alpha-androstane compounds within the scope of the present invention 
which were prepared by procedures analogous to those described above include: 

3-beta-[1 , -(4',4 , -dimethylpiperazinyl)methylJ-1 7a-dimethyM 7a-aza-D-homo-S-alpha-androstan-3-aipna-ol 
diiodide. 1 

3-beta-[r-(4', 4'-dimethylpiperazinyl)methyl]-3-alpha-acetoxy-1 7a-dimethyl-1 7a-aza~D-homo-5-alpha-an- 
25 drostane diiodide 

3-beta-[1 HI '-methylpiperidinylJmethyn-S-alpha-acetoxy-l 7a-dimethyl-1 7a-aza-D-homo-5-alpha- 
androstane diiodide. . ■ • 

3-beta-[1H1'-methylpyrrolidinyl)methyl]-17a-^^ 
diiodide. 

30 3-beta-N-methyl-N,N-diethy|aminomethyl-3-alpha-acetoxy-17a-dimethyl-17a-aza-D-homo-5-alpha- 
androstane diiodide. 

3-beta-(1 '-methylpyrrolidinyOmethyl-S-alpha-acetoxy-l 7a-dimethyl-1 7a-aza-D-homo-5-alpha-androstane 
diiodide. 

3-beta-N-methyl-N-(n-propyl)-N-te^ 
35 D-homo-5-alpha-androstane diiodide. 

EXAMPLES 44-52 

Further examples of 3-aipha substituted aminomethyl-3-beta-substituted-oxy-17a-methyl-17a-lower-alkyl- 
40 17a-aza-D-homor5-alpha-androstane compounds within the scope of the present invention which were 
prepared by procedures analogous to those described above include: 

3-alpha-(1*-pyrrolidinylmethyl)-17a-methyl-17a : aza-D-homo-5-afpha-androstan-3-beta-ol 17a-N- 
methoiodide. ' . i> 

3-alpha-(1 '-pyrrolidinylmethyl)-3-beta-acetoxy-1 7a-methyl-17a-aza-D-homo-5-atpha-androstane 1 7a-N- 
45 methoiodide. 

S-alpha^l'-methylpyrrolidinyO-methyl-S-beta-acetoxy-^a-dimethyl-^a-aza-D-homo-S-alpha-androstane 
diiodide. 

3-alpha-diethylaminomethyl-1 7a-methyM7a-aza-D-homo-5-alpha-androstan-3-beta-ol 17a-N- 
methoiodide. 

so 3-alpha-diethylaminomethyl-3-beta-acetoxy-1 7a-m ethyl- 1 7a-aza-D homo-5-alpha-androotaho 1 7a-N- 

methoiodide. 

3-alpha-N-methyl-N,N-diethylamino-methyl'3-beta-acetoxy-17a-dimethyl-17a-aza-D-homo-5-alpha- 
androstane diiodide. 

3-alpha-[1 , -(4', 4 , -dimethylpiperazinyl)-methyl]-17a-dimethyl-17a-aza-D-homo-5-alpha-androstan-3-beta- 
55 ol diiodide. 

3-alpha-[1 '-(4\ 4 , -dimethylpiperazinyl)-methyl]-3-beta-acetoxy-1 7a-dimethyl-1 7a-aza-D-homo-5-alpha-an- 
drostane diiodide. 

S-alpha-tV-hexamethyleneiminomethylhS-beta-acetoxy-^a-methyl-^a-aza-D-homo-S-alpha-androstane 
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l7a-N-methoiodide. 
EXAMPLE 53 • 

5 A pharmaceutical composition for parenteral muscle relaxant administration can be prepared from the 

following ingredients: 

w 

15 



26 
30 
35 
40 
45 
SO 
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Of course, other compounds of this invention such as those. set out in Examples 12-23 and 24-30 may 
be substituted for 3-beta-(r-pyrrolidinylmethyl)-3-alpha-acetoxy-17a-methyl-17a-a2a-D-homo-5-alpha-an- 
Uroslane 1 7a-N-methoiodide with the relative amount of 3uch othor compounds in th© compositions 
5 depending upon their muscle relaxant activity. 

EXAMPLE 54 

A number of compounds in accordance with the present invention were tested for their muscle relaxant 

10 properties. Testing for neuromuscular blocking activity followed a multidimensional, multispecies approach 
which began with simple assessment in mico and chicks, thon proceeded with increasing complexity and 
completeness to clinically relevant parameters in rabbits, dogs, rats, cats, and monkeys. 

The first test in mice established two important factors: efficacy and potency. Mice were injected 
intravenously (i.v.) with a range of doses and placed on an inclined screen. A compound was considered 

*5 active if a dose of 1 .7 mmol/kg caused the animal to relax its grip and slide down the screen. 

Neuromuscular blocking effects were then observed in chicks. This model was used to determine if the 
mechanism of the block was depolarizing (e.g., succinylcholine) or nondepolarizing (e.g., d-tubocurare, 
pancuronium, atracurium, vecuronium). Agents which were classified as depolari2tng neuromuscular bloc- 
kers caused an increase in. muscle tone and a head-to-heel arching of the back (i.e., opistotonis). A 

20 nondepolarizer, on the other hand, resulted in muscle relaxation and complete collapse of the animal. Only 
the nondepolarizing agents were tested further. 

The rabbit paw twitch model was then used to simulate the clinical application of twitch monitoring. The 
technique included monitoring the. "train of. four" and single twitch to determine potency, onset and duration 
of action of the drug. Other techniques which were used to confirm the mechanism of action as 

25 nondepolarizing were the reversibility of drug action by neostigmine, and anticholinesterase, and the 
potentiation of the twitch response following a tetanic train of pulses. Although the rabbit paw twitch screen 
was time consuming, it represented a comprehensive and quantitative assessment of factors which are 
' important to the anesthesiologist. 

A similar paw twitch procedure for evaluating neuromuscular compounds was then conducted in the 

30 dog, and when warranted, in rats and cats. In this way, test compounds were compared to standards on 
clinically relevant parameters in at least three different species. From these data, the clinical dose and time- 
action were estimated. As an extension of the animal models described, further investigation into the 
cardiovascular effects was conducted, initially, in dogs at three times the dose that causes 90% depression 
of twitch (i.e.. ED90), and then complete hemodynamics were evaluated and histamine plasma concentra- 

35 tions were determined at 10 x ED90. Finally, twitch, train-of-four, and blood pressure and heart rate were 
monitored in monkeys at the ED90, at 3 x ED90. and at 10 x ED90- 

Neuromuscular blocking activity was studied in anesthetized rabbits in the following manner. Male New 
Zealand white rabbits weighing between 2.2 and 3.6kg were anesthetized with pentabarbital (30mg/kg) and 
placed on their backs upon a 40o C. water filled temperature regulation pad. A tracheotomy was performed 

40 and the lungs were mechanically ventilated at 28 breaths per minute with room air using an open system 
delivering 200 ml/stroke. The ventilation procedure maintained pC02 at 38 mmHg and p02 at 85 mmHg. 
The right common carotid artery was isolated and cannulated for direct measurement of blood pressure and 
heart rate using a statham pressure transducer. The marginal vein of the left ear. was cannulated with a 23- 
gauge venipuncture needle for drug and fluid administration. Nerve stimulation was provided. by a pair of pin 

45 electrodes placed percutaneously near the ulnar nerve at the elbow. The right ulnar nerve was stimulated at 
1 Hz. 1pps for 0.5 msecond duration. The stimulation for the left ulnar nerve was modified so that the 
sequence of stimuli included a train-of-four (T4) and a tetanizing stimulus. Each foreleg was taped to a 
cushioned plate held in a femur clamp attached to the spinal board rack. The left central digit of each paw 
was connected with #4 surgical silk to a force displacement transducer (Grass FLT03G). The following 

50 parameters of neuromuscular blockade were measured. 

1. Potency (ED90): the intravenous dose required to depress twitch to 10% of its control value. 

2. Onset: the time from injection until 85% of the maximal drug effect is achieved. 

3. Duration: time from injection until the T4 has recovered to 75% of its original value. 

An eight-channel Gould 2800S polygraphy was used to record analog data. The digital portion of the 
55 data collection system was configured around an Apple II plus microcomputer. The measurement of dose 
response of skeletal muscle relaxant drugs is described in detail in "Microcomputer Use in Measuring 
Onset, Duration and Recovery from Non-Depolarizing Skeletal Mu3cle Relaxants in Rabbits'*, P.D. Thut ot 
al., Drug Development Research, 5, 182 (1985), which disclosure is incorporated herein by reference. 
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The compounds listed in Tables 1 through 3 were tested by these procedures and found to have the 
ac J«esTs7edTn t co.umns on the right side of Tab.es 1 through 3. Table 1 ^^^^ 
relationship of various 3-beta substituted aminomethy.-3-substituted^ 

e2 a-D-homo-S/a.ph a -androctano compounds determined by the paw tw.tch procedure .n rabb.ts. Table 2 
shows the same structure activity relationship determined by the paw twitch procedure .n dogs. Tabe 3 
shows the structure activity relationship of various 3-a.pha substituted tT ^T^ Zl 

meth y l-17^lower-alkyl-17a-aza-D-homo-5-alpha-androstane compounds determ.ned by the paw tw.tch pro 



cedure in rabbits. 



w 
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TABLE 1 

STRUCTURE ACTIVITY RELATIONSHIP OF 3 -BETA SUBSTITUTED AMINOMETHYL 
3 -SU© ST I TUT ED-OXY-17A-L0WER-ALKYL-1 7A-AZA-D-H0M0-5-ALPKA-ANDR0STANES IN RABBIT 



COMPOUNDS ecOose 85* TV Duration Recovery HR BP 

1. 3-beta-(l'-piperidinylmethyl)-17a- 0.241 26.56 7.29 6.24 3.8 -2.5 
methyl -17a-aza-D-homo-5-al pha- 

androstan-3-alpha-ol 17a-N-methoi odide 

* 

2. 3-beta-(1'-«iorphol7nylmethyl)-17a- 1.019 30.84 8.29 6.54 4.1 -13.6 
m©thy1-17a-ar*-r?-hamo-5-Alpha- 

androstan-3-alpha-ol 
17a-N-<nethoi odide 

3. 3-beta-( V-piperidinylmethyl)-3- 0.296 33.30 6.65 5.U -1.2 >13.7 
al pha-acetoxy-17a-methy! 

D-homo-5-alpha-androstane 
17a-N-methoi odide 

4. 3-beta-( 1 '-pyrrol idinylmethyl )-17a- 0.458 19.44 9.10 7.30 -1.0 -6.7 
methyl-17a-aza-D-homo-5-alpha- 

and ros tan-3-al pha-ol 
1 7a-* \~tne thoi odi rie 



5. 3-beta-(l '-hexamethyleneiminomethyl )- 0.148 37.55 5.42 4.83 8.2 -1.-0 

40 17a-methy1-17a-aza-D-homo-5-al pha- 

and ros tan-3-al pha-ol 
17<*— N— me Wio iodide 



6. 3-beta-(l '-pyrrol ; ,di nyUethyl )- 0.313 22.20 5.48 4.89 4.1 -12.7 

3-alpha-acetoxy-17a-methyl -17a- 
aza-O-homo-5-al pha-andros tane 
1 7a-N-methoi odide 



55 
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TABLE 1 (continued) 



10 



15 



20 



30 



35 



40 



45 



COMPOUNDS 

7. 3-bet.a-O •-hexamethyleneiminomethyl >- 
3-alpha-acetoxy-17a-«net*yl-173-aza-D- 

homo-5-alpha-androstane 
17a-N-methoiodide 

8. 3-beta-P *-<4\ 4' -dimethyl - 

pi pe raz i ny 1 )-me thyl 3- 1 7 a-dime thy 1 - 
Ua-aza-D-homo-S-al pha-androstan- 
3-alpha-ol di iodide 

g 3-b«ta-n '-(4 1 . 4'-dimethy"l- 
pi perazi nyl )metfcy1 ]-3-alpha- 
acetoxy-17a-dimethy1-17a-aza-D- 
homo-5-alpha-androstane di iodide 

10. 3-bota-di othyl ajni nomothyl - 
17a~-4nethy1-17a-aza-0-homo-5-a1pha- 

andros tan-3-al pha-ol 
17a-N-<nethoiodide 

11. 3-beta-di ethyl ami nomethyl - 
3-alpha-acetoxy-17a-methyl-17a-aza- 

O-homo-5-al pha-and ros tane 
17a-N-methoiodide 

12. 3-beta-N-<n-pr 0 pyl ) -N-(cyd opro- • 
pylmethyl ) aminomethyl -3-al pba- 

ac e t o x y- 1 7 a-me t h y 1 - 1 7 a- a z a-D-horoo- 
5-alpha-androstane 17a-N-metboi odide 



eoDose 85% TW Duration Recovery J±E_ _B£_ 



0.197 39.40 



5.84 5.34 -1.0 -1-1 



0.084 32.07 8.09 6.09 0.9 -12.6 



0.155 31.83 7.63 6.01 1.1 1-6 



0 258 28.54 10. 17 B-3R 61 -9.2 



0.329 29.47 



8.77 



7.15 



0.8 



-6.7 



0.572 r 37.31 



6.09 



5.56 



-2.0 -14.0 



55 
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TABLE 1 

COMPOUNDS 

13 . 3-beta-[l • -( 1 '-CDethylpiperidinyl )- 
methyl}-3-al pha-racetoxy-17a-dimetnyl - 
17a-a2a-0-homo-5-al pha-androstane 
diiodide 

14. 3-beta-P 1 'methyl pyrrol i dinyl )- 
methyl ]-17a-dimethyl -17a-aza-0- 
homo-5-al pha-andros tane-3-alpha- 
ol di iodide 

IS 3-beta-N-(n-oropyl )-N-(cyclopropyl- . 
methyl )ami nomethy1-17-a-methyl-17a- 
aza-D-homo-5-al pha-andros tan-3-al pha- 
ol 17a-N-methoi odide 

16. 3-bota-N-mothyi -w,N-di©thyi ami no- 
methyl -3-a1pha-acetoxy-17a-di methyl - 
17a-a2a-D-homo-5-al pha-androstane 

di iodide 

17. 3-beta-f 1 1 { 1 ' -me thy 1 pyrrol idinyl )- 

methyl ] -3-a1pha-acetoxy-17a-di methyl - 
1 7a-aza-D-homo-5-al pha-andros tane 
di iodide 

18 . 3-beta-N-ineLhyl -N-(n-propyl )-N 

( cyclopropylmethyl )a/ninomethyl -3- 
al pha-ace toxy-17a-di methyl -1 7a-aza- 
0-homo-5-al pha-androstane di iodide 



(continued) 

eqPOSe 85% TW Duration R^p^ry MR DP 

0.146 39.51 9.92 7.82 1.1 -2.5 

0.148 .47.80 10.58 8.92 1.7 -8.7 

0.162 31.73 10.89 9.60 3.3 . -7.4 

n.122 48.45 6.37 5.25 . 1.5 3.4 

0.196 35.51 6.36 6.38 .-?-3 . -1.0. 

0.151 42.97 9.82 7.01 -0.2 -5.0 
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w 



45 



SO 



55 



TABLE 2 

STRUCTURE ACTIVITY RELATIONSHIP OF 3 -BETA SUBSTITUTED AMI NOMETHYL 



COMPOUNDS 



eoOose 85* TV Oura^on Recovery _HR_ _J£- 



1. 3-beta-<V-p1per^nylmethyl).17 a - 0-209 90.72 23.41 20.71 19.5 14.9 

methyl -i 7a-aza-D-homo-5-al pha- 
androstah-3-alpha-ol 17a-N-methoi odide 

15 2. 3^ta.(r^pend^«ethyl).3. 0.215 67.12 18.93 16.70 -1.9 -2.7 

alpha-acetoxy-17a-methyl-17a-aza- , , 

O-homo-5-al pha-androstane 

20 1 7 a-N-metho iodide 

3. 3-beta.(T-pyrrolndin y lmethyl)-17a- 0.340 45.66 26.71 25.55 0.7 -7.3 

methyl-17a-aza-0-hon\o-5-alpha- 
androstan-3-alpha-ol 
17a-N-methoi odide , 

30 . 4. 3-beta-(V-heicaineth y leneiminoinethyl)- 0.119 94.60 18.40 15.40 22.1 10.1 
17a-methyl-17a-a2a-0-homo-5-alpha- 
and ros tan-3-al pha-ol 
17a-N-methoiodide 



35 

5. 3-beta-(l '-pyrrol idi nylmethyl )- 
3-al pha-acetoxy-17a-methyl -17a- 
40 aza-D-homo-5-al pha-androstane 

17a-N~fnethoi odide 



0.337 72.52 82.65 81.59 -1-5 0.7 



6. 3-beta-(r.he*ainethyleneiminomethyV)- 0.215 67.78 15.67 11.32 3.0 -11.0 
3-al f>ha-acetoxy-17a-methyl -17a a*a-D- 
homo-5-al pha-and ros tane 
17a-N-methoi odide 
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TABLE 2 

COP1POUN0S 

piperazinyl )methyl ]-3-alpha- 
ace.toxy-1 7a-di methyl -1 7a-aza-D-h omo- 
5-al pha-androstane di iodide 

8. 3-beta-di ethyl ami nomethyl- 

1 7a-me thy 1-17 a-aza-D-homo-5-al pha- 
and ros tan-3-al pha-bl 
17a-N-methoi odide 

9. 3-bota-diethylatrnnnmpthyl- 

3-al pha-acetoxy-17a-methyl -1 7a-aza- 
0-homo-5-al pha-androstane 
1 7 a-N-«etho iodide 

10. 3 beta-Cl •-< 1 '-methyl pi peri di nyl )- 

methyl ]-3-al pha-acetoxy-17a- 
dimethyl-17a-aza-D-homo-5-al pha- 
androstane di iodide 

11 . 3-beta-N-(n-propyl )-N-(cycl oprcpyl- 
me t hy 1 ) ami none thy 1 - 1 7 a-me t h y 1 - 1 7 a-a z a- 
D-homo-5-al pha-andros tan-3-al pha-ol 
17-a-N-methoi odide 

12^ 3-beta-fl '-O '-methyl pyrrol idi nyl )- 
methyl 1-3-alpha-acetoxy-l 7a- 
di methyl -1 7a-aza-0-homo-5-al pha- 
androstane di iodide 



(continued) 

eoOose 05* TW Duration Recovery HR BP 

0.102 83.26 23.67 19.80 22.8 8.2 

0.198 91.35 21.64 18.88 -5.9 -23.9 

0.522 73.57 20.65 16.16 -9.1 -18.7 

0.142 100.64 32.06 23.45 2.3 -0.5 

0.213 72.58 14.88 11.76 5.0 -7.1 

0.092 96.51 19.34 16.2b 0.2 -1.1 
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TABLE 3 ' 

STRUCTURE ACTIVITY RELATIONSHIP OF 3 -ALPHA SUBSTITUTED AMINOMETHYL 
3-$U85TXTUTE0-OXY-17A-L0WEfl-ALKYL-17A - A2A-0-H0MO-5-ALPKA-ANDROSTANCS IN DOG 

COMPOUNDS eoPose 85X TW Duration Recovery _HR_ JL 



1. 3-al pha— ( 1 1 -pyrrol ijdi nylmethyl )-17a- 0.423 92-34 19.96 15.41 -2.5 -7.1 
me thy1-17a-a2a-D-homo-5-al pha- 
and ros tan-3-beta-ol 17a-N-<nethoiodide 

2. S-alpha-d'-pyrrolidinylmethyU-S- 0.240 56.27 13.96 11.95 -2.4 -3.4 
beta-ace toxy-17a-me thyl-17a-aza- 

0-homo-5-al pha-and ros tane 
17a-N-methoiodide 

3. 3-alpha-(l '-methyl pyrrol idinyl)- 0.253 85.45 29.86 24.33 2.0 -1.0 

methyl -3-beta-acetoxy-l 7a- 

di methyl -17a-a2a-D-homo-5-alpha~ 

tndrostane diiodid« 

4. 3-alpha-di ethyl ami nomethyl- 0.365 75.61 25.39 19.07 14.8 -3.6 

17a-methyl -17a-aza-D-homo-5-al pha- 
and ros tan-3-beta-ol 
17a-N— method odide 

5. 3-alpha-di ethyl ami nomethyl- 0.492 74.24 21.10 13.60 -0.8 -7.2 
3-beta-acetoxy-17a-methy1-17a-aza- 

D-homo-^S-al pha-and ros tane 
l7a-w-*netftoi odl de 

6. 3-alpha-(N-methyl-N f N-diethylamino)- 0.155 111.39 37.77 34.77 3.1 -2.0 
methyl -3-beta-acetoxy-17a- 

dimethyl -1 7a-aza-D-homo-5-a1 pha- 
androstane di iodide 



i 
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TABLE 3 (continued) 

.OfflE&NOS fiqDpse 85* TV Duration Recovery _HR_ _JP_ 

7. 3-alph*-[V-(4' , 4 • -dimethyl 0.261 99.08 . 33.65 25.43 10.2 -8.1 
piperajinyl )me£hy1 ]-17a-dimethyl - 
17a-aza-D-hotno-5-alpha-androstan- 
3-beta-ol di iodide 

8. 3-alpha-£T-(4* , 4' -dimethyl- 0.226 77.01 25.27 19.92 1.3 -1.5 
piperazinyl ) methyl ]-3-beta- 
acetoxy-17a-dimethyl-17a-aza-D-homo- 
5-alpha-androstane di iodide 

While a number of embodiments of this invention have been represented herein, it is apparent that the 
basic construction can be altered to provide other embodiments which utilize the invention without departing 
from the spirit and scope of the invention. All such modifications and variations are intended to be included 
2G within the scop© of the invention as defined in the appended claims rather than the Specific embodiments 
which have been presented by way of example. 

Claims 

30 1. A compound represented by the Formula: 



jo 



15 



20 



35 



40 




45 including optically active isomeric forms, and pharmaceutical^ acceptable acid addition salts thereof, 
wherein: 

R is selected from the group consisting of hydrogen, lower-alkyl, lower-alkyl carbonyl, and di(lower- 
alkyl)amino carbonyl; 

50 

Ri is selected from the group consisting of: di(lower-alkyl)substituted amino; lower-cycloalkyl lower- 
alkyl, lower-alkyl substituted amino; 1-piperidinyl; 1-pyrrolidinyl; 1-hexamethyleneimino; 4-morpholinyl; 
1-piperazinyl; 1-(4-methylpiperazinyl); tri(lower-alkyl)substituted amino; l-(l-methylpiperidinyl); 1-(1- 
methylpyrrolidinyl), and 1-(4,4-dimethylpiperazinyl), each lower-alkyl group having from 1 to 6 carbon 
55 atoms; 

R2 is a lower-alkyl group having from 1 to 4 carbon atomo; 
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X- is a pharmaceutical^ acceptable anion; and 
the symbol - represents an alpha or beta configuration. 
A compound according to Claim 1 . wherein R is lower-alkyl carbonyl. 

A compound according to Claim 1, wherein R, is selected from the group consisting of diethyl amine. 
N-?nZpyl) N (cyclop?o P yl methylene. 1-pyrro.idiny. and 1 -hexamethylene.rn.no. 

A compound according to Claim 1, which comprises 3-beta-(r-pyrro.idiny.methyl)-17a-methy.-17a-aza- 
D-homo-S-alpha-androstan-S-alpha-ol ITa-N-methylben^nasulfonatfi. 

A compound according to Claim 1. which comprises 3-beta-(r-hexameth y .eneiminomethyl)-17a-methy.- 
17a-a 2 a-D-homo-5-alpha-androstan-3-alphaol 1 7a-N-methylbenzenesulfonate. 

A compound according to Claim 1. which comprises 3-beta-(r-hexamethy.ene^momethy.)- 3 -alpha- 
Ltoxy 17a-methyl-17a-aza-D.homo-S-alphaandrostane 17a-N-methylbenzenesulfonate. 

A muscle relaxant composition comprising a pharmaceutical^ acceptable carrier and an effective 
amount of a compound represented by the Formula: 




including optica.ly active isomeric forms, and pharmaceutical^ acceptable acid addition salts thereof, 
wherein: 

R is selected from the group consisting of hydrogen, lower-alky., lower-alkyl carbonyl. and di(lower- 
alkyl)amino carbonyl; 

R is selected from the group consisting of: di(lower-alkyl)substituted amino; lower^ydoalkyl lower- 
alky, o^ ! -hexamethyleneimino; 4-morpho ny , 
■J5£S^I«UiP«P«-^ft tri(lower-a,ky.)substituted amino; ^™W^fJ£ n 
mXSyrrolidinyl); and 1-<4,4-dimeth y .piperazin y l), «ach .ower-a.ky. group hav.ng from 1 to 6 carbon 

atoms; 

R 2 is a lower-alkyl group having from 1 to 4 carbon atoms; 

X" is a pharmaceutical^ acceptable anion; and 

the symbol - represents an alpha or bota configuration. 

amethylenemine. 

o A composition according to Claim 7. wherein the compound comprises 3-beta-(1 l'-hex- 
methylbenzenesulfonate. 
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10. A method for producing muscle relaxation in a mammal comprising administering to the mammal an 
effective amount of a compound represented by the Formula; 




OR H 

including optically active isomeric forms, and pharmaceutical^ acceptable acid addition salts thereof, 
wherein: 

R is selected from the group consisting of hydrogen, lower-alkyl, lower-alkyl carbonyl, and di(lower- 
alkyl)amino carbonyl; 

Ri is selected from the group consisting of: di(lower-alkyl)substituted amino; lower-cycioalkyi lower- 
alkyl, lower-alkyl substituted amino; 1-piperidinyl; 1-pyrrolidinyl; 1 -hexamethyleneimino; 4-morpholinyl; 
1-piperazinyl; 1-(4-methylpiperazinyl); tri(lower-alkyl)substituted amino; Hl-rhethylpiperidinyl); i-(1- 
mothylpyrrolidinyl); and 1 -{A ,4-dimethylpiperaztnyl), each lower-alkyl group having from 1 to 6 carbon 
atoms; 

R 2 is a lower-alkyl group having from 1 to 4 carbon atoms; . 

X" is a pharmaceutical^ acceptable anion; and 

the symbols - represents an alpha or beta configuration. 

11. A method according to Claim 10, wherein R is lower-alkyl carbonyl, and Ri is selected from the group 
consisting of diethyl amine, N(n-propyl)-N-(cyclopropylmethyl)amine. 1-pyrrolidinyl and 1-hex- 
amethylenemine. 

12. A method for preparing a 3-substituted-aminomethyl-3-substituted-oxy-17a-methyl-17a-lower-alkyl-17a- 
aza-D-homo-5-alpha-androstane compound represented by the Formula: 




wherein R is selected from the group consisting of hydrogen, lower-alkyl, lower-alkyl carbonyl, and 
di(lower-alkyl)amino carbonyl; 

Ri Is Selected from the yroup consisting of: di(lower-alkyl)sub3titutod amino; lower-cycldalkyl lower- 
alkyl, lower-alkyl substituted amino; 1-piperidinyl; 1-pyrrolidinyl; 1 -hexamethyleneimino; 4-morpholinyl; 
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atoms; 



70 



76 



20 



30 



35 



40 



R 2 is a lower-alkyi group having from 1 to 4 carbon atoms; 
X" is a pharmaceutical^ acceptable anion; and 

"rfS^I^SSS of step (d) with a hydride reducing agent to form a 3-substituted- 

quaternary salt compound, wherein, in said method. R is hydrogen. 

1* A method according to Cairo 12. further comprising the ? - prJr* ^^^^Z^ 

step (e) with a compound -P'- e "*^ is se.ected from 

nr:^^ carbonyi and Hai is 



halogen. 



14 . A method according to C,aim 12. funher compn^ 

SSte^^eC r* R ^ Se,eCt6d ,f0m 

W 'group consisting of lower-a.ky. carDonyl and UKIowe.alkyOamino carbonyi. 

„• ,~ r-. aim 1? wherein the methylene ylide compound in step (c) is dimethytoxosul- 

15. A method according to Claim 12. wherein tne meinyi«..« y k oxirane-2,3'-ira-tert- 
fonium methylide and the androstane compound formed in step (c) is (3 R) sp.rolox.rane _ 
butoxycarbonyl- 1 ra-aza-D-homo-S'-alpha-androstane]. 

tonlum methylide and the andioslano. compound fo.med .n step (c) .3 <o ; p 
butoxycarbonyl-1 ra-aza-D-homo-S'-alpha-androstane]. 
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R 2 is a lower-alky I group having from 1 to 4 carbon atoms; and X" is a pharmaceutical^ acceptable onion. 
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